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Abstract
A review of variational theory (VT) for single links with bottlenecks is provided, along with the exact solution methods that VT allows. Following this introduction, existence and uniqueness conditions for solutions of finite-link VT problems with any number of fixed or moving bottlenecks are presented. A duality principle is then used to show that several well-known models of single-lane traffic are actually expressions of the same VT model. By treating lane changers as moving bottlenecks, VT yields parsimonious models of multi-lane traffic that naturally include bottlenecks of different types; e.g., moving, fixed and/or with special lanes for high occupancy vehicles (HOVs). Field evidence confirms that bottleneck discharge rates change in time as predicted by these models.  In particular, multi-lane theory predicts a counter-intuitive “smoothing effect” in the HOV case that has recently been confirmed in the field. 
